Background. Symptomatic uterine fibroids have a significant impact on women's health. Surgical intervention (myomectomy and hysterectomy) has been the mainstay of treatment. Women living with symptomatic uterine fibroids contribute significantly to a growing waiting list for surgery in South African public hospitals. Uterine artery embolisation (UAE) is a newer treatment option and has shown to be a minimally invasive, safe and effective alternative to surgery for such women. Objective. To evaluate the efficacy of UAE in women with symptomatic fibroid uterus. Methods. A prospective, observational, single-centre study of 51 women with symptomatic fibroid uterus who underwent UAE at Steve Biko Academic Hospital from February 2007 to November 2012. Results. A total of 51 women underwent UAE, 3 of whom were lost to follow-up. The remaining 48 women were followed for a mean duration of 43.6 months. There was a statistically significant reduction in the mean uterine and dominant myoma volumes, as well as improvement in the haemoglobin levels (p=0.001). The mean uterine and dominant fibroid volume reductions were 38% and 58%, respectively. Minor complications were reported in 19% of the women (fever, post-embolisation syndrome and vaginal fibroid passage were frequently reported complications). Reintervention (hysterectomy and gonadotropin-releasing hormone analogue use) was required in 35% of women. Conclusion. UAE has a good clinical effect on fibroid volume reduction. It is a treatment option that can be considered prior to major surgery in a select group of women with symptomatic fibroid uterus. The impact of uterine artery embolisation on fibroid volume at 43.6 months in women with symptomatic fibroids at a tertiary-level hospital Uterine fibroids, also known as leiomyomas, are the most commonly occurring benign tumours of the uterus.
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Uterine fibroids, also known as leiomyomas, are the most commonly occurring benign tumours of the uterus. [1] Symptomatic fibroid tumours have a major negative impact on the woman's quality of life and reproductive potential. [2] Great health disparities exist worldwide, with African black women experiencing earlier debilitating symptoms and more varied responses to treatment compared with their white counterparts. [3, 4] The economic burden of treating symptomatic women is substantial. A recent total cost estimate (direct and indirect) by Soliman et al. [5] in a 2015 systematic review, ranges from USD11 717 -USD25 023 per patient per year after diagnosis or surgery. The true economic impact on South African (SA) public health systems is likely to be higher than the average estimates owing to high disease burden, limited access to treatment, longer waiting times for surgery, low hysterectomy uptake and the presence of severe symptoms among African black women. [4] Surgical management (hysterectomy or myomectomy) has traditionally been the mainstay of treatment (Fig. 1) . Recently, umbilical artery embolisation (UAE) and magnetic resonanceguided high-intensity focused ultrasound (MR-g HIFU) has emerged as both an attractive and effective treatment. [6] UAE has proven to be safe and an efficient intervention in women with fibroids who do not desire fertility. A growing body of evidence supports the role of UAE in the treatment of symptomatic fibroids since its introduction by Ravina et al. in 1995. [7] [8] [9] [10] [11] [12] Since uterine fibroids receive their blood supply via end arteries and do not depend on collateral arteries, occlusion causes ischaemic necrosis and shrinkage (Fig. 2) . Incorporation of UAE into routine clinical practice is widely endorsed and its role in heavy menstrual bleeding has been investigated recently. [13] Previously, a local study by Prollius et al. [10] reported a mean reduction in uterine volume of 188 cm 3 in 51 women on follow-up at 12 months. There are limited local data on the long-term effect of UAE on symptomatic fibroid volume reduction using follow-up ultrasound imaging.
Objective
This study evaluated the impact of UAE on fibroid volume using ultrasound imaging in women with a symptomatic fibroid uterus at 43.6 months.
Methods
This prospective, observational study was conducted at Steve Biko Academic Hospital, Pretoria, SA. Fifty-one women with symptomatic fibroids were recruited to undergo UAE between February 2007 and November 2012. Patients were invited to participate if they had been diagnosed with symptomatic uterine fibroids (menorrhagia, dysmenorrhoea, pelvic pressure or pain), had a clinical fibroid size of <20 weeks, had declined surgical intervention, had no future fertility needs and were able to followup. Women were excluded from the study if they had known allergies to contrast media, previous pelvic radiation/malignancy, renal insufficiency and active pelvic inflammatory disease. All women had a prior examination by a gynaecologist and a consultation with the interventional radiologist. It was decided to include HIV-positive women in the study with CD4 cell counts of >200 cells/µL.
The primary outcome of the study assessed the effect of UAE on dominant myoma and total uterine volumes. The secondary outcome measures included adverse events, reintervention rates and follow-up haemoglobin levels.
UAE was performed on all fifty-one women who were recruited from the gynaecology outpatient clinic. Perioperative care was provided by a gynaecologist, anaesthesiologist and intervention radiologist. Preoperative work-up included a full blood count, HIV test, coagulation studies, urea, potassium and creatinine, pap smear and pelvic ultrasound measurement of uterus and dominant fibroid volumes. The volume of the uterus was calculated with the formula for a prolate ellipse (L×W×D×0.5233) both before and at 3, 6, 12 and 43 months after treatment. Women who were >40 years with bleeding symptoms also had an endometrial sample to exclude malignancy. The procedure was performed under spinal or general anaesthesia at the discretion of the anaestheologist. A single dose of prophylactic antibiotic (1 g intravenous cefazolin) was administered before the procedure. The uterine arteries were accessed via a femoral puncture, after which a catheter was inserted. We currently perform trans-radial access instead of femoral puncture. The catheter was initially advanced toward the uterine artery on the contralateral side, followed by the ipsilateral side. An arteriogram was performed to confirm correct placement of the catheters prior to the embolisation. Contour (Boston Scientific, USA) polyvinyl alcohol (PVA) embolisation particles (sizes 150 -250 and 350 -500 microns) were inserted to occlude the uterine arteries. At the end of the embolisation, another arteriogram was performed to ensure that the blood supply to the dominant myoma was obstructed (Fig. 3) .
Post-procedure analgaesia included paracetamol, tramadol and ibuprofen, alone or in combination. Patients without major complications were discharged 48 hours after the procedure. Haemoglobin, uterus and dominant fibroid volumes were measured at each visit and at 43.6 months after UAE. Data were captured using MS Excel. Statistical analysis was performed using IBM SPSS version 23 (IBM Corp., USA) statistical software. Summary descriptive statistics were used for demographic data and the paired sample statistics were used to compare the fibroid volumes before and at 43.6 months after UAE. A p-value <0.05 was considered statistically significant. 
Results

Demographic characteristics
A total of 51 women with symptomatic uterine fibroids underwent UAE. Three women were lost to follow-up. Table 1 represents the demographic data of all included women (n=48). The mean age was 45 years (range 34.1 -56.2) and the median parity was 2 (range 0 -7). The majority of the participants were black (89.6%; n=43). Seven women (14.6%) were HIV-positive. The mean CD4 cell count was 482.86 cells/µL. Only 2 women were on highly active antiretroviral therapy. The mean (range) uncorrected pre-UAE haemoglobin level was 6.86 (6 -6.7) g/dL.
The remaining 48 women were followed for a mean duration of up to 43.6 months (range 12 -69). Bilateral UAE was successful in 47 patients. Unilateral uterine artery spasm was encountered in 1 woman. Bleeding (menorrhagia) and pressure-related symptoms accounted for 72.9% and 20.8% of all presenting symptoms, respectively.
Fig. 2. Injection of PVA particles using a microcatheter during uterine artery embolisation. (Reproduced with permission from Boston
Scientific, USA.)
Fig. 3. Fluoroscopic images illustrating visible occlusion of the fibroid blood supply after injection of embolic spheres.
Minor complications were encountered in 19% (n=9) of women, which included fever, pain, vaginal discharge, fibroid passage and post embolisation syndrome. Treatment included outpatient analgaesics and antibiotics.
At 43.6 months, there was a statistically significant reduction in total uterine (38%) and dominant fibroid volume (58%), as well as an improvement in the mean haemoglobin level (p<0.001) ( Table 2) .
Reintervention in the form of hysterectomy and GnRH analogue administration was required in 17 women (35.4%) for persistent symptoms. All women who presented with persistent symptoms declined repeat UAE procedure. Seventy-five percent (n=12) of women had hysterectomies performed within a year of undergoing UAE. The only woman to decline both surgery and repeat UAE opted for a GnRH analogue. She reported complete resolution of symptoms within 8 weeks following a single dose of 3.6 mg subcutaneous zoladex.
Discussion
This is the first study reporting on the long-term effects of UAE on fibroid volume reduction in patients with symptomatic fibroid uterus using ultrasound imaging. Although MRI is reported to be the superior imaging modality and provides additional clinical information when used in women undergoing UAE, it is expensive and not readily available in all units. [14] Furthermore, a policy of routine MRI use in SA public hospitals prior to UAE is likely to increase costs (directly and indirectly) and waiting times for treatment.
The mean uterine volume was 481.22 cm 3 (range 53.66 -1 217) prior to the procedure. A mean reduction of 58% in uterine volume and the lowered need for blood transfusion post UAE is similar to that observed in other studies. Using ultrasound, Walker and Pelage [15] also reported a statistically significant effect on both uterine and dominant fibroid volumes (p=0.0001) in 400 women with symptomatic fibroids on follow-up at 16.7 months. The Royal College of Obstetricians and Gynaecologists reported that at 12 months there is an associated reduction in fibroid volume between 40% and 70%. [16] In this study, most complications (19%) were regarded as minor because none required hospitalisation or emergency hysterectomy. There is a lack of data on the safety and efficacy of UAE in symptomatic HIV-positive women. We reported that UAE was not associated with an increase in post-procedure infection and vaginal discharge in HIV-positive women, and all HIV-positive participants had a CD4 count of ≥200 cells/µL. We do, however, acknowledge the small patient number in this study. An earlier study by Prollius et al. [17] did not show overall differences in complication rates between HIV-positive and HIV-negative women. The same study demonstrated an increase in post-procedure complication rates when the CD4 cell count was <200 cells/µL. No pregnancies were reported in this study and ovarian function was not assessed.
A reintervention rate of 35% within the study period (43.6 months) is in keeping with other published data. [8] Hysterectomy was performed in the vast majority of women in our study, with only 1 woman opting for medical treatment (3-month course of zoladex). She reported significant improvement in menorrhagia. All women presenting with persistent symptoms post UAE opted against repeat procedure or myomectomy, and were in favour of definitive surgical management. Although reasons for this were not explored, it appears that many women are willing to reconsider personal and cultural beliefs on hysterectomy after failed UAE procedure.
Our article reports outcomes at approximately 3.5 years after UAE. Earlier local publications utilised MRI for the measurement of the uterus and dominant fibroid sizes. [11, 12] The use of sonography in our study resulted in similar reintervention rates. The reduction in uterus and fibroid volumes was also comparable. Ultrasound is cost-effective and accessible. Our results indicate that sonography is an invaluable tool in the evaluation and follow-up of women undergoing UAE in resource-poor settings without reducing efficacy and safety.
We acknowledge that validated quality-of-life assessment questionnaires would have improved the quality of data from this study. Furthermore, our study did not compare UAE to other treatment modalities such as hysterectomy and GnRH analogues. Of note is that MR-gHIFU is currently not widely available.
Conclusion
UAE is an effective alternative to surgery in women with symptomatic fibroid uterus. At 43.6 months there was a statistically significant reduction in the mean uterine and dominant myoma volumes. Approximately one-third of women required reintervention. Larger randomised trials are required to evaluate the efficacy of UAE in women with larger uterine volumes and in HIVpositive women.
